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ABSTRACT 
Most beverageethanol plants in Vietnam have been using the conventional process for 
ethanol production including liquefaction (95 – 105 oC) of a mash containing less than 200 g/l 
dry matter, saccharification (60 – 62 oC), fermentation (30 – 32 oC) and distillation. In this work, 
we developed a simultaneous saccharification and fermentation (SSF) process of rice mash at 
very high gravity (VHG) and investigated the impacts of liquefaction time and different enzymes 
on the ethanol yield of SSF-VHG process. Broken ricewas dissolved in tap water to reach 308 
g/l dry matter, then the mixture was liquefied at 85 
o
C for either 60 minor 120 min by using 
alpha-amylases(Liquozyme and Spezyme Alpha), beta-glucanases(Optimash TBG and 
Viscozyme). SSF of liquefied mash was performed at 30 
o
C with the simultaneous addition of 
glucoamylases(Distillase ASP, Spirizyme and Amigase Mega L)with and without of protease 
(Fermgen),active dry yeast (Ethanol Red at 1.5 × 10
7 
cells/ml), urea (12 mM) and KH2PO4(4 
mM). Under these conditions, SSF-VHG processes finished after 96 h and achieved 15.4 - 16.5 
% v/v ethanol, which were equivalent to corresponding to ethanol yield of 83.5 - 89.5 % of the 
theoretical yield.The increasing liquefaction time and the usage of Liquozyme, Viscozyme 
showed positive effects on the ethanol yield of the SSF-VHG process. Therefore, these 
preliminary results could be of importance to optimize the SSF-VHG process. 
Keywords: very high gravity, broken rice, ethanol yield, liquefaction time, enzymes. 
1. INTRODUCTION 
In Vietnam, beverage ethanol has been widely produced from cane sugar molasses, rice and 
cassava. Among these potential raw materials, rice is considered the most suitable one for 
beverage ethanol production because it is used largely in food and drink industries, such as 
pasta, and bread industries, beer and other liquor distilleries [1]. Over twenty years, the total 
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production of rice of Vietnam has increased twofolds and reached 45.2 million tons in 2015 
including about 6.5 million tons for exporting [2].  
Most ethanol distilleries in Vietnam are using conventional processes (with a dry solid 
content < 250 g/l) for the production of beverage ethanol which requires a liquefaction (95 - 105 
°C), separate saccharification (60 – 62 °C) and fermentation (30 – 32 °C) of starch slurry with an 
ethanol yield of 87 – 88 %. Liquefaction and saccharification require the starch granules to be 
extensively gelatinized at high temperature. 
A recent technology to enhance the ethanol productivity is the very high gravity (VHG). In 
VHG technology, mash preparation contain a dissolved solid more than 300 g/L [3, 4]. This 
technology has many advantages in ethanol production: (i) increasing plant capacity and 
reduction in capital costs, (ii) increasing plant efficiency, (iii) reducing risk of contaminating 
bacteria [5]. VHG technology has been actually intensively researched in cereal grains, such as 
potato, corn or wheat, cassava. However, the research on rice-based ethanol production has not 
been well documented. A number of enzymesavailable in the market such as alpha-amylases, 
glucoamylases, beta-glucanases… provided byNovozymes, Dupont, DSM… could be used for 
the VHG process, therefore the selection of such enzymes is crucial to ensure the efficiency of 
the process. Experimental design has been shown to be appropriate to select the important 
factors among a huge number of factor [6].  
Our long term goal is to develop efficient ethanol VHG processes which are based on two 
approaches: (i) decreasing energy consumed by utilizing enzymes which are capable of 
hydrolyzing starch at lower temperatures; (ii) saving equipment and increasing ethanol yield by 
using SSF process at very high gravity. This present work was aimed at determining the critical 
variablesaffecting the ethanol yield of very high gravity processes for beverage ethanol 
production from rice. 
2. MATERIALS AND METHODS 
2.1. Microorganism 
Saccharomyces cerevisiae was obtained by using dry yeast in the commercial Red Ethanol 
provided by LEAF-Lesaffre (France).   
2.2. Materials 
Broken rice was obtained from Dong Xuan harvest in 2015. The starch content of broken 
rice used was 73.2 ± 1.3 % and its moisture content was 12.1 ± 0.7 %. 
Different commercial enzymeproducts provided byNovozymes,Dupont and DSM were 
used in this work.  
Table 1. Characteristics of commercial enzyme products used in this study. 
Enzyme 
Products 
Nature Manufacturer Optimal pH Optimal 
temperature 
(
o
C) 
Dosage 
(ml/kg) 
Spezyme Alpha Alpha-amylase Dupont 5.7-5.8 83-85 0.3 
Liquozyme Alpha-amylase Novozymes 5.0-6.0 85 0.15 
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Viscozymes Beta-glucanase Novozymes 4.0-5.0 40-50 0.3 
Optimash TBG Beta-glucanase Dupont 4.5-6.0 75-85 0.5 
Amigase Mega L Gluco-amylase DSM 4.0-4.5 55-60 0.5 
Distillase ASP Gluco-amylase Dupont 4.0-4.5 58-65 1.0 
Spirizyme Gluco-amylase Novozymes 3.5-4.5 60-75 0.6 
Fermgen Protease Dupont 4.0-5.0 28-35 1.0 
 
2.3. Simultaneous Saccharification and Fermentation (SSF) 
Broken rice (350 g/l at moisture of 12 %) was mixed with tap water to achieve a dry solid 
of 308 g/l. For investigated processes, liquefaction step was conducted at 85 
o
C in either 60 min 
or 120 min by using both liquefying alpha-amylases (Spezyme Alpha and Liquozyme) and 
viscosity-reducing enzymes (Optimash TBG and Viscozyme) and at the initial mash pH of 5.5 
without pH adjustment. After liquefaction, the mash was cooled to room temperature (30 
o
C) 
before subsequent Simultaneous Saccharification and Fermentation (SSF). The SSF of liquefied 
mash was performed at 30 
o
C, with addition of gluco-amylase enzymes (Distillase ASP, 
Spirizyme and Amigase Mega L) and with and without a protease (Fermgen),active dry yeast 
(Ethanol Red at 1.5 × 10
7
 cells/mL), urea (12 mM) and KH2PO4 (4 mM). The SSF 
wasperformed for 96 h. The experiments were shown in Table 3. 
2.4. Asymmetrical screening design 
For systems with numerous number of variables, different approaches of experimental 
factorial designs can be applied to achieve a screening of critical variables and to estimate their 
main effects on the responses [7]. In this work, an asymmetrical experimental design composed 
of 8 runs was carried out. It allowed the investigation of five variables in a total of 16 
experiments (each run was duplicated, four variables (A-D) each at two levels and one variable 
(E) at three levels. Table 2 provided the values given to each variable/factor, the choices were 
based on our preliminary work (data not shown) in which we focused on the liquefaction time 
and different types of commercial enzyme products which could be involved in the VHG 
technology.  
Table 2. Experimental conditions of the asymmetrical screening design. 
Variables  Factors Level 1  
X1 Liquefaction (A) 1 60 min 
2  3  2 120 min 
X2 Alpha-amylases (B) 1 Spezyme Alpha 
4  5  2 Liquozyme 
X3 Glucanases (C)  1 Optimash TBG 
6  7  2 Viscozyme 
X4 Protease (D) 1 With Fermgen 
8  9  2 Without Fermgen 
X5 Glucoamylases (E )  1 Distillase ASP 
10  11  2 Spirizyme 
12  13  3 Amigase Mega L 
2.5. Analytical procedures 
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The reducing sugar was determined by using DNS (3,5-dinitro salicylic acid) method [8]. 
Residual sugar was measured by the same method after acid hydrolysis (HCl 2 % for 120 min at 
100 
o
C) of fermentation beer. Ethanol was distilled from fermentation beer then ethanol 
concentration was determined by using an ethanol ebulliometer (Dujardin – Salleron, France). 
Ethanol yield was calculated as described by Chu-Ky et al [4]. 
2.6. Experimental design and data analysis  
The generation and the data treatment of the screening design and were performed using 
the experimental design software NEMRODW [6]. 
3. RESULTS AND DISCUSSION 
3.1. Asymmetrical screening design 
From the 16 experiments conducted, we could compute using the least square method(6,8) 
the „„weight‟‟ of each factor level. In this work, there were 5 factors with 7 coefficients 
according to the following equation: 
Y =    A0 + A1 .(X1A) + B1 . (X2A) + C1.(X3A) 
+ D1 . (X4A) + E1 . (X5A) + E2 . (X5B) 
The responses Y were the ethanol yield of the SSF process at very high gravity during SSF 
at 72 h and 96 h.  
Table 3.Experimental conditions of the screening design and the corresponding experimental responses. 
Exp Liquefaction 
(A) 
Alpha amylases 
(B) 
Glucanases 
(C) 
Protease 
(D) 
Glucoamylases 
(E) 
Ethanol yield 
at 72 (%) (Y1) 
Ethanol yield 
at 96h (%) 
(Y2) 
1 60 min Liquozyme Viscozyme Fermgen Distillase ASP   83.5 85.7 
2 60 min Liquozyme Viscozyme Fermgen Distillase ASP    85.7 86.2 
3 60 min Spezyme Alpha Viscozyme No Spirizyme    83.5 85.7 
4 60 min Spezyme Alpha Viscozyme No Spirizyme    82.4 86.2 
5 60 min Liquozyme Optimash TBG No Amigase Mega L    84.0 85.1 
6 60 min Liquozyme Optimash TBG No Amigase Mega L    84.6 86.2 
7 60 min Spezyme Alpha Optimash TBG Fermgen Distillase ASP    85.1 86.8 
8 60 min Spezyme Alpha Optimash TBG Fermgen Distillase ASP    85.1 86.2 
9 120 min Spezyme Alpha Optimash TBG No Distillase ASP    85.1 88.4 
10 120 min Spezyme Alpha Optimash TBG No Distillase ASP    85.7 87.8 
11 120 min Liquozyme Optimash TBG Fermgen Spirizyme    88.4 89.5 
12 120 min Liquozyme Optimash TBG Fermgen Spirizyme    87.8 89.5 
13 120 min Spezyme Alpha Viscozyme Fermgen Amigase Mega L    86.2 88.9 
14 120 min Spezyme Alpha Viscozyme Fermgen Amigase Mega L    85.1 87.8 
15 120 min Liquozyme Viscozyme No Distillase ASP    85.7 88.4 
16 120 min Liquozyme Viscozyme No Distillase ASP    85.1 88.4 
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The coefficients showed the influence of each factor on the ethanol yield (Y) responses. A1 
showed the influence of liquefaction time at 60 min and 120 min; B1 showed the influence of 
alpha-amylases when using Spezyme Alpha and Liquozyme; C1 showed the influence of beta-
glucanases when using Optimash TBG and Viscozyme; D1 showed the influence of the presence 
and non-presence of protease (Fermgen) and E1 and E2 represented the influence of 
glucoamylases from Distillase or Spirizyme to Amigase. The results were presented in Table 3 
showing the ethanol yield reached from 82.4 to 88.4 % after 72 h and from 85.1 to 89.5 % after 
96 h, respectively. These results showed that the selected factors significantly influenced the 
ethanol yield which was higher at 96 h than that at 72 h. 
3.2. Variable effects of different factors on the ethanol yield 
For each factor, the weight of each level was related to the upper level weight, which 
becomes the „„reference state‟‟ among each factor (15). The weight described the factor effects 
on the response when changing factor levels with respect to the reference state. The weight of 
liquefaction time (factor A) when fixed at level 1 (A1), for example, corresponded to the 
differential effect of liquefaction time on the response when changing its value from level 1 (60 
min) to level 2 (120 min). The obtained results were presented in Table 4, which graphically 
illustrate the variable differential weights [7]. At the end of this step, the variables that did not 
have a significant effect (checked by applying a t-test) on the responses were screened out; the 
remaining factors affecting the responses could be further optimized. 
Table 4. Estimates of and statistics on the coefficients. 
Name     Coefficient F.Inflation  Standard 
Deviation  
t.exp.        Significance 
%   
Ethanol yield at 72 h (%) 
A0     85.125 
14  
     0.499     170.72 < 0.01 *** 
A1-2     -1.900       1.00      0.353      -5.39 0.0502 *** 
B1-2     -0.825       1.00      0.353      -2.34 4.26 * 
C1-2      1.075       1.00      0.353       3.05 1.35 * 
D1-2      1.350       1.00      0.353       3.83 0.408 ** 
E1-3      0.150       1.50      0.432       0.35 73.4 
E2-3      0.550       1.50      0.499       1.10 29.9 
Ethanol yield at 96 h (%) 
A0     87.950 15       0.348     252.65 < 0.01 *** 
A1-2     -2.575       1.00      0.246     -10.46 < 0.01 *** 
B1-2     -0.150       1.00      0.246      -0.61 56.3 
C1-2      0.275       1.00      0.246       1.12 29.3 
D1-2      0.550       1.00      0.246       2.23 5.1 
E1-3      0.237       1.50      0.301       0.79 45.6 
E2-3      0.725       1.50      0.348       2.08 6.5 
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a) Differences of the weights of the different 
levels at 72h 
(b) Differences of the weights of the 
different levels at 96h 
Figure 1. Graphical study of the effects of the factors on the ethanol yield.                                                      
  
Coefficient values were reported in Table 4 and (the weight associated to each factor level) 
calculated, as described above, and statistical analyses using t-test. These results are illustrated 
by the two histograms shown in Fig. 1a and 1b represents the differences of the weights of the 
different levels at 72 h and 96 h of each factor taking its highest level as reference. A1-2 for 
example, defines the weight of factor A on the response when changing its level from 2 to 1. 
Firstly, it was necessary to compare the impacts of different factors on the ethanol yields at 
72 h and at 96 h (Fig. 1). If The SSLF process was finished after 72 h, four factors significantly 
influenced the ethanol yields with two positive factors and two negative ones. However, When 
the SSF process was finished at 96 h, only the liquefaction time influenced significantly and 
strongly on the ethanol yield.  
The coefficient A1-2 showing the weight of liquefaction time at level 2 (120 min) to level 1 
(60 min), this coefficient was negative, which means if the liquefaction time prolonged from 60 
min to 120 min, the ethanol yield of the process was increased. Therefore, the liquefaction time 
for 120 min could be better for the ethanol yield regardless the SSF process was stopped at either 
72 h or 96 h. 
The coefficient B1-2 was negative and significant at 72 h when moving from Spezyme 
Alpha to Liquozyme, showing that using Spezyme Alpha provided better yield than Liquozyme. 
The coefficient C1-2 and D1-2were of positive values when changing from Optimash TBG to 
Viscozyme and from the absence and presence Fermgen, respectively. The ethanol yields 
increased for both 72 h and 96 h but the increase was significant for 72 h and not for 96 h. 
Hence, reducing enzymes Viscozyme, with protease (Fermgen) influenced the ethanol yield 
better thanOptimash TBG and without using protease. Indeed, the use of acid fungal protease 
(Fermgen) hydrolyzed the proteins present in the grains into peptides and amino acids crucial for 
yeast growth. Furthermore, it has been reported that protease plays a key role not only in 
hydrolyzing the protein matrices in the kernel that binds the various fractions, which degrades 
“hard-to-hydrolyze” starch, but also in accelerating ethanol production rates and resulting in 
higher ethanol yield for grain-based substrates as compared to those without protease (9). 
The coefficient E1-2 was negative, the coefficients E1-3 and E2-3 were positive but these 
values were low and not significant at both 72 h and 96 h. That means the use of one of three 
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glucoamylases such as DistillaseASP, Spirizymeor Amigase Mega L was similar and had the 
same effect on the ethanol yield. 
4. CONCLUSION 
In this work, experimental design has been shown to be a very good way to investigate the 
impacts of different factors such as liquefaction time and enzymes on the ethanol yield of the 
SSF process at very high gravity. We showed the liquefaction time at 85 
o
C for 120 min was 
better than that for 60 min and it was recommended to add protease (Fermgen) to the SSF to 
improve the yield. In term of liquefying enzymes, Spezyme Alpha showed higher yield of 
ethanol compared to Liquozyme. Regarding viscosity reducing enzymes, Viscozyme showed to 
be better than Optimash TBG and no significant changes occurred when using one of three 
glucoamylases such as Distillase ASP, Amigase Mega L, Spirizyme). The SSF process at very 
high gravity finished over 96h reaching ethanol contents ranging from 15.4 to 16.5 % v/v, 
corresponding to the yields of 83.5 - 89.5 %, It is likely that ethanol production by SSF process 
at VHG from broken rice has a great potential for ethanol industry in Vietnamand further work 
will be carried out to improve the ethanol yield and optimize the utilization of enzymes. 
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Phần lớn các nhà máy rượu cồn của Việt Nam sử dụng quy trình sản xuất cồn truyền thống 
bao gồm công đoạn hồ hóa và dịch hóa (95 – 105 °C) dịch bột có hàm lượng chất khô nhỏ hơn 
200 g/l, đường hóa (60 – 62 °C), lên men (30 – 32 °C) và chưng cất. Nghiên cứu này nhằm phát 
triển quy trình sản xuất cồn từ sắn gạo tấm ở nồng độ chất khô cao (VHG) và nghiên cứu ảnh 
hưởng của thời gian dịch hóa và một số enzym đến hiệu suất thu hồi cồn. Bột gạo tấm được hòa 
với nước đạt nồng độ 308 g/l, sau đó được dịch hóa ở 85 oC trong 60/120 phút có sử dụng enzym 
alpha-amylase (Liquozyme hoặc Spezyme Alpha): beta-glucanase (Viscozyme hoặc Optimash 
TBG).  
Công nghệ Đường hóa và Lên men Đồng thời (SSF) được thực hiện ở 30 oC với sự bổ sung 
đồng thời của 1 trong 3 chế phẩm enzym (Distillase ASP hoặc Spirizyme hoặc Amigase Mega 
L), nấm men khô (Ethanol Red: 1,5×107 tế bào/ml), urê (12 mM) và KH2PO4 (4 mM).  
Trong điều kiện này, quy trình SSF kết thúc sau 96 h và đạt 15,4 - 16,5 % theo thể tích 
ethanol, tương đương với hiệu suất thu hồi cồn 83,5 - 89,5 %. Thời gian dịch hóa, chế phẩm 
Liquozyme, Viscozyme có ảnh hưởng lớn đến hiệu suất của quy trình. Chính vì vậy, những kết 
quả này có ý nghĩa quan trọng và là cơ sở để tối ưu quy trình sản xuất cồn ở nồng độ chất khô 
cao nhằm tăng hiệu suất và giảm thiểu sử dụng enzym. 
Từ khóa: nồng độ chất khô cao (VHG), gạo, hiệu suất cồn, thời gian dịch hóa, enzym. 
 
 
